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Introduction 


Recently,  investigators  from  the  Department  of 
Ophthalmology  and  Visual  Science  at  Yale  University 
isolated  and  identified  a  growth  factor  from  a  human 
retinoblastoma  cell  line  (Y-79)  (Rubin  et  a_l.  ,  1980)  . 

This  factor  was  shown  to  promote  growth  in  murine  3T3 
cells  and  to  stimulate  DNA  synthesis  and  mitosis  in 
Nakano  epithelial  lens  cells  in  vitro  (Tarsio  et  a^L.  , 

1980)  . 

Nerve  growth  factor  was  isolated  and  characterized 
by  Levi-Montalcini  and  colleagues  in  1953  and  it  has  been 
shown  to  promote  growth  on  embryonic  sensory  nerve  cells 
as  well  as  on  fully  differentiated  sensory  ganglia 
(Levi-Montalcini,  1965). 

Gospodarwicz  and  Moran,  in  a  review  of  growth  factors 
in  1976,  stated  that  the  test  that  allows  one  to  conclude 
definitely  that  any  growth  factor  is  truly  a  mitogen  of 
physiologic  importance  is  demonstration  that  the  growth 
factor  is  active  in_  vivo . 

The  mitogenic  effect  of  NGF  is  restricted  in_  vivo 
to  the  early  part  of  embryonic  life  (Levi-Montalcini  et  al . , 
1960) .  In  the  chick,  hyperplasia  of  the  sympathetic  ganglia 
is  best  seen  between  days  7  and  10.  Later,  only  hyper¬ 
trophy  is  observed.  In  the  mice,  the  mitogenic  effect 
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of  NGF  is  observed  between  days  3  and  9  post  partum;  after 
this,  only  hypertrophy  is  observed.  Retinoblastoma  derived 
growth  factor  has  not  been  tested  in  an  in  vivo  preparation. 
Neither  NGF  nor  RDGF  has  been  tested  as  to  its  effects 
in  growth  and  differentiation  in  the  eye.  In  fact,  there 
is  only  one  report  in  the  current  literature  on  the  effects 
of  a  growth  factor  on  the  eye.  Mesodermal  growth  factor 
from  mouse  submaxillary  glands  has  been  shown  to  have 
stimulating  effects  on  the  healing  of  corneal  wounds  in 
rabbits  (Rich  et  al . ,  1979)  . 

This  project  attempts  to  test  the  effects  of  NGF  and 
RDGF  in  the  healing  of  experimental  wounds  in  the  lens 
and  retina  of  young  pigmented  Dutch-belted  rabbits. 


V 
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I .  Review  of  the  Literature 

A .  Wounds  in  the  retina 

Direct  mechanical  trauma  is  the  obvious  and 
probably  the  simplest  way  of  creating  wounds  in  almost 
any  accessible  tissue  in  the  body.  Trauma  results  in 
the  physical  interruption  of  blood  vessels  leading  to 
hemorrhage,  it  causes  cell  destruction,  and  provides 
an  avenue  for  foreign  substances  to  gain  access  to  the 
wound . 

Immediately  following  the  traumatic  incident,  wound 
healing  begins  to  take  place.  Inflammation  sets  in, 
beginning  with  a  vascular  phase  in  which  there  is  first 
vaso-constr iction  followed  by  vaso-dilatation  and  the 
release  of  the  chemical  effectors  of  inflammation.  A 
cellular  phase  follows  in  which  there  is  movement  from 
vessels  into  the  wound  area  of  inflammatory  cells. 
Inflammation  is  followed  by  repair,  when  the  reparative 
cells  of  the  tissue  migrate  and  proliferate  to  cover  the 
areas  of  wound  created  by  trauma.  Four  types  of  cells 
are  present  in  every  tissue  and  these  will  respond  differ¬ 
ently  in  wound  healing.  There  are:  (1)  progenitor  cells 

that  are  involved  in  mitotic  cycles,  (2)  immature  cells 
that  have  ceased  or  are  ceasing  to  divide  and  are  prepar¬ 
ing  for  tissue  functions,  (3)  mature  cells  that  are 
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always  functional  but  cannot  revert  to  mitosis  and  are 
approaching  death,  and  (4)  mature  cells  that  may  or  may 
not  be  functional  and  that  if  circumstances  dictate,  are 
capable  of  reversion  into  mitosis.  In  almost  every 
instance,  epithelium  responds  to  trauma  by  complete  re¬ 
generation  of  cells  and  replacement  of  loss  tissue. 

Nerve  cells,  however,  do  not  undergo  regeneration  if  the 
cell  body  is  lost.  Wound  contraction  is  the  last  in  the 
continuing  steps  of  wound  healing  (Peacock,  1976). 

The  general  pathology  of  human  retinal  inflammation 
is  characterized  by  the  vascular  response  (Hogan  et  aA. , 
1962  ;  Yanoff  et.  a_l .  ,  1975).  The  vessels  in  the  inner 
layers  of  the  retina  become  dilated,  and  leukocytes  mar- 
ginate  and  migrate  into  the  tissues  and  perivascular 
spaces.  Protein  rich  fluid  accumulates  in  the  perivas¬ 
cular  tissues  and  edema  results.  The  pressure  exerted 
by  the  accumulation  of  fluid  and  cells  soon  leads  to 
degeneration  of  retinal  elements,  forming  large  areas 
containing  fibrin,  cellular  debris,  inflammatory  cells 
and  lipoids.  Macrophages  from  the  tissues  and  blood 
accumulate  in  the  cavities  and  become  filled  with  debris 
and  lipoid  from  the  degenerating  retinal  cells.  These 
soon  depart  from  this  location  via  the  bloodstream  or 
disintegrate  in  situ.  Proliferation  of  connective  tissue 
occurs  from  the  region  of  the  blood  vessels  and  glia 
from  the  inner  retinal  layers  producing  a  fibroglial  scar. 
If  red  blood  cells  escape  into  the  wound,  the  tissue  will 
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stain  positive  for  hemosiderin,  especially  after  these 
cells  have  been  phagocytized  by  macrophages.  The  retinal 
pigment  epithelium  (RPE)  shows  proliferation  with  and 
without  metaplastic  features  in  response  to  injury.  The 
RPE  may  then  die  and  its  pigment  phagocytized  by  macro¬ 
phages  . 

In  the  rabbit,  the  vascular  response  in  inflammation 
comes  mainly  from  the  choroid,  since  the  inner  layer  of 
the  retina  is  said  to  be  avascular  (Prince,  1964)  .  Sev¬ 
eral  investigators  have  created  wounds  in  the  rabbit 
(Rentsch,  1973;  Foos,  1974;  Foos  &  Gloor,  1975;  Cleary  & 
Ryan,  1979;  Topping  et  al . ,  1979),  rhesus  monkey  (Wallow 
&  Tso,  1973),  and  owl  monkey  (Machemer  &  Norton,  1968; 
Machemer,  1978),  or  have  studied  the  histopathology  of 
traumatic  wounds  in  human  eyes  (Smith,  1960;  Eagling,  1975; 
Barry,  1975;  Van  Horn  ejt  a_l .  ,  1977;  Machemer  et  al.  ,  1978). 
Because  of  the  variables  among  clinical  injuries,  it  has 
been  difficult  to  generate  specific  information  on  the 
course  of  repair  and  proliferation  in  injured  eyes, 
especially  in  the  pathways  proliferations  tend  to  follow. 

An  approach  to  the  study  of  the  response  of  retinal  elements 
to  wounds  must  consider  the  species,  depth  of  the  wound, 
method  of  creating  the  wound,  the  time  elapsed,  and  the 
methods  for  studying  the  cellular  response.  In  the  follow¬ 
ing  papers  that  I  will  discuss,  I  will  specifically  point 
out  their  findings  in  an  attempt  to  develop  a  framework 
on  which  to  later  base  our  own  observations  on  the  effects 
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of  RDGF  and  NGF  on  experimental  wounds  in  the  retina  and 
lens  of  pigmented  rabbits. 

The  first  group  of  studies  deal  specifically  with 
wounds  that  were  created  in  an  attempt  to  study  the  patho¬ 
genesis  of  wounds  in  the  retina  and  the  origin  of  preretinal 
and  epiretinal  membranes.  Most  of  these  experiments  in 
which  the  reaction  to  wounds  in  the  retina  have  been 
studied  have  focused  specifically  on  the  question  of  the 
nature  of  the  epiretinal  membrane  formed.  This  has  been 
so  because  of  the  clinical  importance  attributed  to  the 
formation  of  these  membranes  in  the  pathogenesis  of  retinal 
detachment . 

Smith  (1960)  summarized  what  other  authors  had  prev¬ 
iously  claimed  to  be  the  main  cellular  elements  in  the 
healing  response  of  the  retina.  The  list  includes  endo¬ 
thelial  cells,  pigmented  or  unpigmented  cells  of  the 
ciliary  epithelium,  RPE ,  mesodermal  elements  of  the  retinal 
vessels,  vitreous  cells  or  from  retinal  glial  cells. 

Rentsch  (1973)  produced  two  full  thickness  retinal 
tears  in  the  rabbit  by  destroying  and  removing  the  vitreous 
with  a  high  speed  rotating  instrument  and  injecting  sili¬ 
cone  into  the  vitreous  cavity.  Pre-  and  retrobulbar 
bleeding  recurred  during  the  procedure.  The  animal  was 
sacrificed  17  months  later.  A  preretinal  membrane  was 
formed  and  studied  with  electron  microscopy.  This  membrane 

II 

consisted  of  extensions  of  Muller  cells  of  astrocytic  cells. 
The  pathogenesis  proposed  is  that  once  the  hole  in  the 
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inner  limiting  membrane  is  created,  Muller  cells  migrate 
into  the  epiretinal  region  through  the  hole.  The  astro- 

II 

glia  then  migrate  and  form  attachments  to  the  Muller  cells. 

Foos  (1973)  studied  eight  human  eyes  enucleated  for 
orbital  neoplasms.  He  found  epiretinal  membranes  in  eight 
eyes,  and  five  eyes  had  breaks  in  the  inner  retina  smaller 
than  50y.  The  time  at  which  these  membranes  began  to  form 
is  unknown.  These  membranes,  when  studied  under  electron 
microscopy,  were  found  to  be  exclusively  formed  of  glial 
cells.  Smith  (1960)  reported  that  epiretinal  membranes 
are  a  common  incidental  finding  in  the  microscopic  exam¬ 
ination  of  enucleated  human  eyes.  He  observed  with  light 
microscopic  studies  that  the  cellular  constituents  appeared 
to  be  fibrocytes  or  glial  cells. 

Foos  (1975)  made  superficial  lesions  in  the  nonvas- 
cularized  retina  of  six  pigmented  rabbits  using  a  sharp 
microsurgical  instrument.  The  eyes  were  enucleated  at 
1,  3  days  and  1,2,6,  and  10  weeks.  They  discarded  any 
wound  if  the  lesion  went  any  deeper  than  the  outer  plexi- 
form  layer.  Under  electron  microscopy  they  identified 
two  processes  of  cellular  reaction.  As  early  as  day  3 
and  up  to  day  14,  a  reaction  they  termed  plexiform  gliosis 

II 

predominated.  This  consisted  of  side  branches  of  Muller 
cells  proliferating  to  form  a  layer  about  the  perimeter 
of  the  wound.  Also  starting  at  day  3  but  continuing  and 
becoming  more  intense  in  the  older  wounds  a  process  termed 
accessory  gliocytosis  took  place.  This  consisted  of 
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accessory  glia  adjacent  to  the  wound  becoming  phagocytic 
and  proliferating;  following  this  their  progeny  migrated 
and  progressively  differentiated  into  fibrous  astrocytes 
to  fill  in  the  wound.  No  vitreous  was  found  in  the 
wound.  The  disrupted  inner  limiting  membrane  failed  to 
regenerate  in  any  of  the  wounds. 

Aaberg  and  colleagues  (1970)  observed  that  epiretinal 
membranes  which  were  naturally  occuring  and  experimentally 
induced  in  the  owl  monkey  had  varying  cellular  morphologic 
characteristics  by  light  microscopy,  resembling  RPE  in 
areas  adjacent  to  retinal  tears.  Other  investigators 
added  that  once  in  the  vitreous  cavity,  the  RPE  cells  can 
undergo  rapid  proliferation  and  metaplasia,  forming  aggre¬ 
gations  of  pigmented  macrophages,  fibrocyte  like  cells 
and  frank  epithelial  cells  (Machemer  et_  £l1  .  ,  1975; 
Mandelcorn  et  al . ,  1975;  Mueller- Jensen ,  1975;  Frayer, 
1966)  . 

Van  Horn  (1977)  analyzed  the  cellular  components  of 
epiretinal  membrane  specimens  from  human  eyes  obtained 
by  vitrectomy  in  rhegmatogenous  retinal  detachments . 

They  found  the  membranes  to  be  composed  of  glial  cells 
and  RPE  like  cells.  Machemer  (1978)  in  a  similar  study 
of  human  vitrectomy  specimens  found  vitreous  membranes 
to  be  composed  of  RPE  which  could  look  like  fibrocytes, 
macrophages,  or  normal  RPE  and  were  observed  to  produce 
collagen  strands. 

Machemer  and  colleagues  (1968) ,  in  an  attempt  to 
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produce  experimental  lasting  retinal  detachment,  studied 
wounds  created  by  means  of  injecting  a  jet  stream  of 
vitreous  as  close  to  the  retina  of  owl  monkeys  as  possi¬ 
ble,  but  without  touching  it.  The  enucleated  the  eyes 
at  one  hour,  1  and  3  days,  and  1,2,4,8,12,  and  20  weeks. 
They  found  that  in  the  retinal  hole,  the  edges  rolled 
inward  secondary  to  the  retinal  edema.  By  day  one,  the 
inner  segments  and  outer  segments  of  the  photoreceptors 
were  destroyed  by  the  mechanical  injury  and  the  nuclei 
appeared  pyknotic.  By  day  3,  the  RPE  that  had  been 
destroyed  was  covered  by  flattening  of  the  remaining 
RPE  around  the  wound  and  proliferation  of  the  RPE,  which 
in  some  wounds  was  so  excessive  as  to  be  several  cell 
layers  deep.  In  the  peripheral  retina,  by  day  one, 
there  was  loosening  of  the  inner  layers  with  much  edema 
fluid.  The  whole  retina  was  seen  thicker,  with  horizontal 
structures  such  as  the  nerve  fiber  layer  and  portions  of 
the  inner  plexiform  layer  being  less  edematous.  Changes 
were  noted  which  progressed  from  day  one  through  day  14 . 
The  inner  nuclear  layers  showed  vacuolation  and  cystoid 
formation.  The  retina  became  more  ondulated  probably 
secondary  to  the  increasing  edema.  The  neuroepithelium 
became  irregular  with  more  degeneration  in  the  outer 
segments  than  in  the  inner  segments .  Macrophages  were 
abundant  in  this  region.  Starting  at  7  days  and  certainly 
by  14  days,  the  outer  nuclear  layer  showed  signs  of 
degeneration,  particularly  in  areas  of  frank  separation 
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between  the  neuroepithelium  and  the  RPE . 

Cleary  and  Ryan  (1979)  injured  the  rabbit  fundus 
through  an  incision  in  the  pars  plana  and  a  transvitreal 
approach.  They  observed  wound  healing  beginning  at  3 
days  and  was  well  established  by  9  to  12  days.  Vitreous 
was  seen  incarcerated  in  the  wound.  The  areas  with 
detached  retina  showed  degenerative  changes  with  loss  of 
photoreceptors  and  intraretinal  cystoid  swelling.  In 
some  peripheral  areas,  the  retina  was  markedly  ondulated. 

In  detached  retinas,  the  RPE  was  seen  to  proliferate  as 
early  as  15  days.  It  showed  diffuse  hyperplasia  with 
sheets  of  flattened  pigmented  cells  and  plaques  of  par¬ 
tially  depigmented  spindle  shaped  cells.  By  21  days 
there  was  marked  proliferation  in  the  outer  retina  of 
glial  cells.  These  cells  were  also  seen  to  displace 
the  outer  retinal  layers  from  the  external  limiting 
membranes.  It  is  important  to  note  that  the  RPE  was  not 
observed  to  proliferate  in  retinas  that  were  not  detached. 
They  observed  that  in  rabbits  eyes,  epiretinal  membranes 
were  not  common  and  were  probably  glial  in  origin. 

Topping  and  colleagues  (1979)  injured  the  rabbit 
retina  by  inserting  a  probe  through  the  sclera  and  retina 
into  the  vitreous,  one  disc  diameter  inferior  to  the  optic 
disc.  They  sacrificed  the  rabbits  30  minutes,  1,4,7,14,30, 
and  60  days  after  the  injury.  They  observed  the  healing 
process  in  the  sclera  and  retinal  wounds  with  ligh  micro¬ 
scopic  sections.  They  found  an  acute  inflammatory 
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reaction  starting  a  few  hours  and  up  to  4  days  after  the 
lesions  had  been  made.  This  reaction  was  composed  of 
neutrophils,  proteinaceous  exudate  and  macrophages  in  the 
wound  area  and  by  day  one,  the  choroidal  fibrocytes  were 
seen  to  change  morphologically  as  if  getting  ready  to 
start  proliferation.  By  day  4,  there  was  an  extensive 
reparative  process,  with  much  fibroblastic  proliferation 
in  the  wound  area.  Metaplastic  RPE  had  migrated  to  form 
a  sealing  scar  between  the  torn  retinal  edges.  The 
inner  and  outer  nuclear  layers  showed  much  degeneration 
and  loss  in  a  progressive  manner  starting  at  day  4. 

Other  investigators  (Eagling,  1975;  Barry,  1975)  have 
pointed  out  the  importance  of  bleeding  into  the  wound 
and  vitreous,  and  vitreous  incarceration  in  the  evolution 
of  the  healing  of  retinal  wounds.  With  vitreous  hemor¬ 
rhage,  there  is  pigment  cell  deposition  and  thickening  of 
the  posterior  vitreous  face,  causing  traction  on  the 
retina  leading  to  detachment.  With  vitreous  incarcera¬ 
tion  in  the  wound,  the  vitreous  becomes  adherent  to  inner 
aspects  of  the  wound,  with  secondary  fibrosis  of  the 
vitreous  from  the  wound. 

Some  investigators  have  studied  the  wounds  in  the 
retina  created  by  xenon  arc  photocoagulation  (Curtin  et  a^.  , 
1963;  Wallow  et.  al .  ,  1973)  and  by  argon  laser  photocoagula¬ 
tion  (Apple  et  al_ .  ,  1973)  .  In  photocoagulation  of  the 
human  retina,  an  attempt  is  made  to  create  a  lesion  involv¬ 
ing  the  RPE,  photoreceptors,  outer  nuclear  layer,  and  outer 
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plexiform  layer  in  order  to  induce  the  formation  of  a 

chorio-retinal  adhesion.  Bruch's  membrane  is  left  intact, 
and  no  direct  contribution  to  wound  healing  is  made  by 
the  choroid.  The  RPE  is  observed  to  proliferate  becoming 
metaplastic,  phagocytising  the  remnants  of  the  degenerat¬ 
ing  photoreceptors.  In  lesions  in  which  the  full  thick¬ 
ness  of  the  retina  was  burned,  hyperplastic  glial  cells 
originating  from  the  viable  edges  of  the  wound  formed 
a  glial  scar.  In  lesions  involving  the  outer  half  of  the 

fl 

retina,  hypertrophic  Muller  cells  located  internal  to  the 
necrotic  photoreceptor  cells  formed  cytoplasmic  extensions 
that  slowly  filled  the  defect  of  the  outer  nuclear  layer 
(Wallow  et  al.  ,  1973;  Curtin  et  arl.  ,  1963  ;  Wallow  e_t  al  .  , 
1975)  . 

B .  Wounds  in  the  lens 

Numerous  investigators  have  looked  at  the 
influences  the  neural  retina  exerts  over  the  development, 
maturation  and  maintenance  of  the  structures  of  the  lens 
(Coulombre,  1965).  Lens  inversion  experiments  have  shown 
that  the  epithelium,  lens  cells  and  fibers  will  alter 
their  growth  and  development  depending  on  which  side, 
the  vitreous  or  aqueous,  they  are  facing  (Coulombre,  1963; 
Yamamoto,  1976)  .  More  direct  experimentation  on  the 
role  of  the  retina  on  lens  cell  differentiation  definite¬ 
ly  point  to  some  factor  secreted  by  the  retina  influencing 
the  lens  epithelial  cell  growth  (Muthukkaruppan ,  1965; 
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Arruti  et_  al . ,  1978).  Other  investigators  have  shown  that 
fetal  eye  tissue  when  implanted  into  the  evacuated  lens 
region  in  the  mature  eye  will  develop  into  a  normal  lens 
(Chanterrishvili  et  al . ,  1961;  Pettit,  1963). 

Most  recently,  iri  vitro  experiments  have  shown  the 
potential  of  a  retinoblastoma  derived  growth  factor  to 
stimulate  DNA  synthesis  and  mitosis  in  Nakano  epithelial 
lens  cells  (Tarsio  ert  aJ.  ,  1980)  .  It  has  been  observed 
in  humans  that  when  the  lens  capsule  is  lacerated,  the 
wound  borders  gape  and  have  a  tendency  to  roll  outward. 
Following  discission,  the  subcapsular  epithelium  may 
proliferate  to  produce  abortive  lens  fibers.  When  damage 
is  done  to  the  anterior  subcapsular  epithelium  and  deeper 
lens  cells,  they  take  the  shape  of  large  globules  called 
Elching's  pearls.  Clinically,  they  appear  as  a  cluster 
of  fish  eggs.  When  damage  is  done  to  the  posterior  sub¬ 
capsular  region,  there  is  thickening  of  the  posterior 
capsule  and  proliferation  of  lens  fibers  and  fibroblasts 
(Hogan  &  Zimmerman,  1962).  These  changes  following 
accidental  injuries  to  the  lens  will  lead  to  the  develop¬ 
ment  of  a  cataract  (Davidson,  1940)  . 

Harding  (1961)  observed  that  under  abnormal  conditions 
the  mitotic  activity  of  the  lens  epithelium  may  be  increased. 
After  trauma  to  the  subcapsular  epithelium,  the  first  cells 
to  begin  mitosis  are  those  adjacent  to  the  wound,  but  the 
area  is  seen  to  enlarge  gradually  for  28  to  32  hours,  the 
extent  of  the  spreading  activity  being  related  to  the  size 


of  the  wound. 
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For  the  study  of  the  effects  of  RDGF  on  experimental 
wounds  in_  vivo ,  we  used  the  Dutch  pigmented  rabbit  model 
with  posterior  discission  of  the  lens  capsule  and  fibers. 
The  rabbit  eye  is  smaller  and  more  spherical  than  the 
human  eye,  and  the  lens  is  large  in  relation  to  the  total 
size  of  the  eye  and  extends  almost  3mm  posterior  to  the 
limbus  (Prince,  1964).  The  capsule,  subcapsular  epithel¬ 
ium  and  lens  fibers  are  distributed  in  the  same  manner 
as  in  humans . 

When  comparing  findings  in  animal  experiments  to 
humans,  Rafferty  (1975)  noted  that  the  animal  lens 
reacts  somewhat  differently  to  injury.  Discission  of  the 
rabbit  lens  does  not  result  in  early  and  complete  opaci¬ 
fication.  In  the  rabbit,  the  wound  in  the  posterior 
capsule  does  not  gape  as  it  does  in  man  and  thus,  wound 
healing  is  facilitated  (Vogt,  1931).  The  factors  or 
mechanisms  involved  in  this  rapid  healing  are  not  well 
understood . 

Fisher  and  colleagues  (1976)  performed  a  posterior 
capsulotomy  on  the  rabbit  lens.  Slit  lamp  examination 
at  8  months  showed  that  the  hole  in  the  capsule  remained 
patent  and  that  new  growing  fibers  beneath  the  capsule 
either  cross  the  exposed  surface  or  stop  at  the  margins 
of  the  hole.  Few  opacifications  were  seen.  Others  have 
also  reported  the  difficulty  encountered  in  creating 
traumatic  cataracts  in  the  rabbit  lens  (Fagerholm  et  cuL.  , 


1979) . 
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When  large  enough  lesions  are  created  in  the  capsule, 
protrusion  of  cortical  lens  fibers,  opacification  and 
cataract  formation  may  be  seen.  Rupture  of  the  anterior 
subcapsular  epithelium  will  lead  to  leakage  of  sodium  and 
water  through  the  local  epithelial  defect  and  in  between 
the  subcapsular  lens  fibers,  leading  to  hydration  and 
swelling  of  the  fibers  (Riley,  1970)  .  Unless  the  epithel¬ 
ium  can  grow  back  fast  enough  to  seal  the  defect,  a  perm¬ 
anent  cataract  will  be  formed. 

We  decided  to  test  RDGF  in  the  healing  of  experi¬ 
mental  wounds  in  the  rabbit  lens  because  of  the  specula¬ 
tive  role  of  RDGF  as  a  factor  which  is  normally  released 
by  the  retina  for  the  continued  growth  of  epithelial 
cells  of  the  mature  lens. 

C .  Growth  factors 

Two  recent  literature  reviews  on  growth  factors 
(Nevo  et  ad.,  1979,  Gospodarowicz  et  ad.,  1976)  have 
attempted  to  formulate  a  definition  of  what  a  growth 
factor  is.  In  the  first,  a  growth  factor  is  defined  as 
a  growth  stimulating  substance  that  is  not  an  essential 
nutrient.  In  the  second,  it  is  defined  as  a  substance 
that  acts  to  increase  cell  size  and  rate  of  proliferation 
as  well  as  matrix  production  and  to  prolong  cell  survival. 

A  list  of  the  growth  promoting  substances  in  the 
recent  literature  shows  that  the  number  is  ever  increas¬ 
ing.  Aside  from  the  growth  promoting  substances  that  have 
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been  known  for  a  long  time  such  as  growth  hormone,  thyroid 
hormone  and  other  substances  from  the  gonads  and  pancreas, 
the  newer  list  would  include:  somatomedians ,  A,B,C, 
nonsuppressible  insulin-like  activity  factor  (NSILA) , 
multiplication-stimulating  activity  factor  (MSA) ,  nerve 
growth  factor  (NGF) ,  epidermal  growth  factor  (EGF) , 
fibroblast  growth  factor  (FGF) ,  overgrowth  stimulating 
factor  ( OSF )  ,  liver  growth  factor  (LGF)  ,  ovarian  growth 
factor  (OGF ) ,  cartilage  growth  factor  (CGF) ,  and  chalones 
(Nevo  et  al . ,  1979) .  The  newest  addition  to  the  list  is 
retinoblastoma  derived  growth  factor  (RDGF)  (Rubin  et  a_l  .  , 
1980)  . 

All  these  growth  factors  have  been  isolated  from 
human  or  animal  tissues  and  their  activity  demonstrated 
in  in-vitro  cell  culture  preparations  by  their  ability 
to  induce  growth  and  proliferation  in  the  absence  of  other 
identifiable  growth  promoting  substances.  The  definitive 
test  that  allows  one  to  conclude  that  any  growth  factor 
is  truly  a  mitogen  of  physiological  significance  is  to 
demonstrate  that  the  growth  factor  is  active  in_  vivo 
(Gospodarowicz  et.  al  .  ,  1976)  .  For  our  study,  we  chose 
the  two  growth  promoting  substances  that  we  think  might 
have  some  specificity  for  neural  and  specifically  ocular 
tissue:  NGF  and  RDGF. 

1 .  Nerve  growth  factor  (NGF) 

In  1951,  Levi-Montalcini  &  Hamburger 
reported  that  a  soluble  factor  released  from  sarcoma 
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tumor  cells  elicited  a  growth  promoting  effect  on  the 
sympathetic  ganglia  of  chick  embryos.  They  called  this 
substance  a  nerve  growth  factor  (NGF) .  In  I960,  Cohen 
was  able  to  purify  a  NGF  from  mouse  salivary  glands  which 
was  studied  biochemically  and  found  to  be  more  potent 
than  the  previously  isolated  NGF  from  the  sarcoma  tumor. 
Since  then,  other  tissues  have  been  found  to  contain  this 
NGF  (Banks  et  a_l .  ,  1973)  . 

NGF  from  the  mouse  salivary  gland  has  been  character¬ 
ized  as  a  dimer  of  two  identical  peptides  each  consisting 
of  118  amino  acids  with  a  molecular  weight  of  13,260  daltons 
and  containing  three  disulfide  bonds  (Hogue-Angeletti 
et  al .  ,  1975  ;  Young  et  a_l.,  1976)  . 

I. A.  Hendry  and  colleagues  (1974)  noted  that  NGF  does 
not  increase  the  number  of  neurons  in  the  sympathetic 
ganglia  by  enhancing  their  multiplication,  but  they  point 
out  that  the  marked  increase  in  the  number  of  neurons  is 
due  to  the  survival  of  redundant  immature  neurons  that 
would  ordinarily  die  off  in  the  course  of  development. 

The  effect  of  experimentally  administered  NGF  is  to  enable 
the  redundant  neurons  to  survive  and  differentiate  in 
spite  of  their  failure  to  establish  connections.  Sensory 
nerve  cells  of  certain  ganglions  are  receptive  to  NGF 

j* 

only  during  a  restricted  period  of  their  development, 
later  becoming  refractory  (Levi-Montalcini  et_  ad.,  1979). 

It  has  been  shown  that  the  existence  of  specific  receptors 
on  the  neuronal  surface  makes  it  possible  for  NGF  to  exert 
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its  effects  at  exceedingly  low  concentrations  of  about 
2.8  micrograms  per  liter  (Banerju  et_  ad.  ,  1973). 

Another  functional  characteristic  of  NGF  that  has 
been  observed  recently  is  that  certain  non-neuronal  cells 
when  exposed  to  NGF  respond  by  acquiring  properties 
characteristic  of  sympathetic  neurons  (Greene  &  Tischler, 
1976) .  Increased  blood  levels  of  NGF  have  been  found 
in  humans  with  neurofibromatosis,  medullary  carcinoma 
of  the  thyroid,  Paget's  disease  of  bone  and  familial 
dysautonomia  (Nevo  et  al . ,  1979)  . 

To  our  knowledge,  no  work  has  been  published  to  test 
the  response  of  either  ijn  vivo  or  in_  vitro  retinal  tissue 
to  NGF. 


2 .  Retinoblastoma  derived  growth  factor  (RDGF) 
RDGF  was  isolated  from  medium  conditioned 
by  serum-free  growth  of  a  human  retinoblastoma  cell  line, 
Y-79,  after  they  had  been  growing  a  serum-free  environ¬ 
ment  for  over  five  months  (Rubin  ert  ad.,  1980)  .  The  Y-79 
cells  had  been  obtained  from  a  human  retinoblastoma  tumor 
of  a  2-1/2  year-old  girl  in  1971  (Reid  et:  ad.,  1974)  . 

This  growth  factor  has  been  partially  characterized 
by  Sephadex  100  chromatography  as  a  protein  with  an 
approximate  molecular  weight  of  38,000  daltons .  The 
substance  is  heat  labile  at  a  temperature  of  60°C  for 
10  minutes.  It  shows  a  slight  decrease  in  its  activity 
when  kept  at  37°C  for  periods  longer  than  twelve  hours. 
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Trypsin  digestion  has  been  shown  to  inactivate  the  factor 
(Rubin  et  al . ,  1980) . 

RDGF  was  shown  to  stimulate  both  cell  division  and 

thymidine  uptake  in  Swiss  mouse  3T3  fibroblast.  Maximal 

3 

incorporation  of  H-thymidine  is  obtained  between  16  and 
40  hours.  The  investigators  who  isolated  and  character¬ 
ized  this  growth  factor  noted  than  when  the  medium  in 
which  the  cells  producing  this  growth  factor  is  changed 
too  frequently  or  in  too  high  a  percentage,  the  Y-79  cells 
die.  They  assume  that  this  results  because  of  the  removal 
of  the  growth  factor  that  the  Y-79  cells  are  producing  for 
their  own  growth  and  maintenance. 

RDGF  has  been  tested  for  its  growth  promoting 
characteristics  in  several  iri  vitro  systems.  It  appears 
to  stimulate  growth  changes  of  retinal  cells  in  culture. 
Tarsio  and  colleagues  (1980)  showed  that  this  factor  has 
growth  promoting  activity  for  Nakano  mouse  lens  epithelial 
cells.  They  obtained  stimulations  of  up  to  9-fold  with 
less  than  0.2yg/ml  of  partially  purified  factor  which  was 
equivalent  in  activity  to  2%  fetal  bovine  serum.  Lack 
of  sufficient  RDGF  may  be  an  important  reason  why  other 
retinoblastoma  cell  lines  have  not  been  successfully  grown 
in  tissue  culture. 

RDGF  has  not  been  tested  in  any  iiq  vivo  models. 

Other  than  its  growth  promoting  activity  of  Y-79  cells, 
Nakano  mouse  lens  epithelial  cells,  and  the  preliminary 
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result  of  Rubin  and  colleagues  which  show  that  the  growth 
factor  will  support  the  growth  of  normal  retina  explants, 
RDGF  has  not  been  tested  in  an  in-vivo  animal  retinal 
preparation . 
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II .  Materials  and  Methods 

A .  Experimental  animal 

The  Dutch  pigmented  rabbit  was  chosen  as  the 
in  vivo  model  for  many  of  the  same  reasons  that  other 
investigators  have  used  this  animal  (Abrams  et  al . ,  1978; 
Prince,  1964  ;  Topping  et  aJL.  ,  1979  ;  Rentsch,  1973;  Algvere, 
1976;  Rich  et  al.,  1979;  Cleary  et  al . ,  1979).  The 
rabbit  eye  is  smaller  than  the  human  eye  and  is  nearly 
spherical.  There  is  essentially  no  pars  plana  and  the 
ora  serrata  is  only  3mm  posterior  to  the  limbus.  The 
lens  is  large  in  relation  to  the  total  size  of  the  eye 
and  extends  almost  3mm  posterior  to  the  plane  of  the  ora 
serrata.  The  fundus  of  the  Dutch  pigmented  rabbit  is 
pigmented  whereas  that  of  the  albino  is  off  white  and, 
therefore,  anatomical  landmarks  are  more  difficult  to 
identify . 

When  one  looks  at  the  Dutch  pigmented  rabbit  fundus, 
one  sees  that  the  optic  nerve  is  above  the  posterior  pole 
of  the  globe,  is  deeply  cupped  and  horizontally  oval  in 
shape.  Extending  from  it  nasally  and  temporally  are  the 
medullary  rays  and  these  extend  up  to  the  region  of  the 
equator.  The  arterial  pattern  exiting  from  the  optic 
disc  is  confined  primarily  to  the  area  of  the  medullated 
fibers.  No  vessels  are  seen  to  extend  beyond  this  white 
background,  and  the  remainder  of  the  retina  is  said  to  be 
avascular  (Prince,  1964). 
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Below  the  disc  is  a  horizontally  elongated  area 
clear  of  vessels  which  is  used  for  central  and  most  acute 
vision.  This  corresponds  to  what  is  called  the  "visual 
streak"  and  to  some  extent,  it  possesses  macular  qualities 
(Prince ,  1964 ) . 

Young  (15-20  week),  male,  pigmented  Dutch-belted 
rabbits  weighing  approximately  1.0  ±  0.25  kg  were  used. 

As  mentioned  before,  the  pigmented,  in  comparison  to  the 
albino  rabbit,  offers  a  better  visualization  of  the 
fundus.  Young  animals  were  chosen  under  the  assumption 
they  may  have  more  repair  and  regenerative  capacities 
(Jacobson,  1971)  and  they  may  be  less  likely  to  have 
age-related  changes  in  their  retinas  (Lai,  1978). 
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Fig .  1  Normal  Dutch  Pigmented  Rabbit  Fundus.  Photograph 
shows  area  of  myelinated  nerve  fibers.  The  arterial  pattern 
exiting  from  the  optic  disc  is  primarily  confined  to  this 
area.  No  vessels  are  seen  to  extend  beyond  this  white  back¬ 
ground  and  the  remainder  of  the  retina  is  avascular. 
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B .  Anesthesia 

One  drop  of  phenylephrine  hydrochloride  10% 
was  instilled  in  each  eye  followed  by  one  drop  of  cyclo- 
pentolate  hydrochloride  1%.  This  combination  achieved 
fast  and  sustained  mydriasis  for  the  length  of  time 
required  for  the  operative  procedure. 

Next,  two  drops  of  proparacaine  hydrochloride  0.5% 
were  instilled  in  each  eye  as  a  topical  anesthetic. 
Following  this,  an  intramuscular  injection  of  ketamine 
hydrochloride,  9mg/kg,  was  injected  slowly  into  the  hind 
thigh  musculature.  Approximately  15  minutes  after  injec¬ 
tion,  the  animals  became  unresponsive  to  pain  stimulation. 
They  were  transferred  to  the  operating  table  and  wrapped 
snuggly  with  a  towel  to  decrease  the  possibility  of  invol¬ 
untary  movement.  A  retrobulbar  injection  of  1  ml  of 
lidocaine  hydrochloride  1%  was  injected  using  a  long  21g. 
needle.  At  this  point,  the  fundus  was  examined  with  an 
indirect  ophthalmoscope  to  check  for  abnormalities  or 
inadvertent  trauma  to  the  fundus.  This  anesthetic  protocol 
was  followed  with  each  rabbit  and  was  found  to  be  adequate 
to  maintain  the  animal  comfortably  anesthetized  for  the 
duration  of  the  procedure.  Only  twice  did  we  find  it 
necessary  to  give  an  additional  dose  of  ketamine. 
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C .  Preparation  of  growth  factors  and  hepes  buffer. 

1 .  Retinoblastoma  derived  growth  factor 

RDGF  was  recently  identified  and  character¬ 
ized,  and  its  activity  assessed  in  vitro  (Rubin  et  ad., 
1980;  Tarsio  et.  ad.,  1980).  The  Y-79  human  retinoblastoma 
cell  line  from  which  it  was  isolated  has  been  in  continu¬ 
ous  cell  culture  since  being  established  from  the  eye 
tumor  of  a  2-1/2  year-old  white  girl  in  1971  (Reid  et  ad . , 
1974).  The  Y-79  cell  cultures  were  maintained  in  RPMI- 

1640  supplemented  with  5%  fetal  bovine  serum,  3nM  Na2SeC>2 

2 

and  100yg/ml  Kanamycin  sulfate  in  Corning  490cm  roller 
flasks  in  a  total  volume  of  50ml  at  37°C  in  a  moist  atmos¬ 
phere  of  95%  air  and  5%  CC^ .  The  roller  flasks  were  not 
rotated.  Cultures  were  fed  twice  weekly  and  split  1:2 
every  three  weeks.  During  feeding,  approximately  10ml 
of  the  depleted  medium  was  left  in  the  flask. 

The  cells  were  adapted  to  a  completely  defined  medium 
by  gradually  weaning  them  off  of  their  dependence  for  fetal 
bovine  serum  (FBS)  according  to  the  following  schedule: 
two  weeks  each  in  medium  supplemented  with  3%,  2%  and  1% 

FBS  and  three  to  four  weeks  in  0.5%  prior  to  transfer  to 
serum-free  medium.  The  serum  concentration  was  reduced 
only  in  those  flasks  in  which  the  cells  appeared  healthy. 
The  serum-free  medium  also  contained  0.01M  Hepes 
(N-2-hydroxyethylpiperazine-N-2 ,  ethanesulf onic  acid). 

Twice  weekly,  35ml  of  Y-79  conditioned  serum-free 
medium  was  removed  per  roller  flask.  Cells  and  subcellular 
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particles  were  removed  by  centrifugation  for  one  hour  at 
70,000  x  g  at  0°-5°C.  The  supernatant  was  concentrated 
100X  in  an  Amicon  Model  52  concentrator  using  a  PM-10 
filter.  The  concentrate  was  stored  at  -15°C.  Immediately 
prior  to  use,  it  was  diluted  to  70X  and  7. IX  concentra¬ 
tions  with  Hepes-saline  buffer  (0.01M  Hepes,  0.15M  NaCl, 
pH  7.0)  and  filter  sterilized  with  a  0.22y  Millipore 
filter.  These  two  aliquots  of  RDGF  were  stored  at  -15°C 
until  ready  to  use  in  the  rabbit  eyes. 

2 .  Hepes  buffer  solution 

Hepes-saline  buffer  was  made  by  using  a 
concentration  of  0.01M  Hepes  (N-2-hydroxyethylpiperazine- 
N-2-ethanesulfonic  acid),  0.15M  NaCl  at  pH  7.0;  all  di¬ 
luted  in  approximately  40cc  of  IX  distilled  water  that 
was  passed  through  the  Millipore  Milli-Q  ion-exchange 
column  and  further  purified  by  filtering  it  through  a 
0 . 2  2  y  Millipore  filter  followed  by  glass  distillation. 
Approximately  40yl  of  Hepes-saline  buffer  were  stored  at 
-15°C  until  ready  to  be  used  in  the  rabbit  eyes. 

3 .  Nerve  growth  factor 

NGF  (7S)  was  purchased  from  Collaborative 
Research  and  was  dissolved  at  lOyg/ml  in  RPMI-1640  con¬ 
taining  0.1%  fetal  bovine  serum  and  filter  sterilized 
with  0.22y  filter.  Approximately  40yl  of  NGF  was  stored 
in  a  glass  flask  at  -15°C  until  ready  to  be  used  in  the 
rabbit  eyes. 
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Before  these  solutions  were  injected  into  the  rabbit 
eyes,  they  were  removed  from  the  -15°C  freezer  and  thawed 
to  37°C  in  a  warm  waterbath . 

D .  Method  of  creating  wounds 
1 .  Retina 

The  rabbit  was  anesthetized,  placed  on  the 
operating  table,  and  the  eye  was  proptosed  using  a  scleral 
depressor  against  the  lower  eyelid.  Proptosing  was  main¬ 
tained  by  securing  the  eye  in  a  hole  made  in  a  latex 
surgical  glove.  The  superior  rectus  muscle  was  identified 
and  securely  held  with  a  tissue  forcep.  A  6.0  nylon 
suture  with  an  atraumatic  needle  was  passed  through  the 
whole  width  of  the  muscle.  The  suture  was  cut  at  a  length 
of  approximately  4  inches  and  the  ends  held  together  with 
a  Mosquito  forcep.  A  suture  was  placed  in  the  samme  manner 
through  the  lateral  rectus  muscle.  With  these  two  sutures 
in  place,  the  eye  could  be  moved  in  all  directions  and 
also  securely  immobilized  when  necessary. 

A  hole  through  the  conjunctiva  and  sclera  was  made 
approximately  2mm  posterior  to  the  limbus  and  nasally 
between  the  superior  and  medial  rectus  muscles,  with  a  2 3g 
needle.  A  minimal  amount  of  vitreous  evulsed  from  the 
hole . 

The  Machemer  vitrectomy  instrument  was  primed  with 
a  running  drip  of  Ringer's  lactated  solution.  It  was 
introduced  through  the  hole  made  and  the  tip  immediately 
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visualized  with  indirect  ophthalmoscopy.  The  instrument 
was  angled  at  45°  towards  the  posterior  pole.  Care  was 
taken  not  to  traumatize  the  lens  but  this  was  not  always 
possible.  The  eye  was  moved  until  the  optic  disc  and 
the  medullated  nerve  fibers  were  clearly  seen.  The  cornea 
was  kept  moist  with  BSS  solution. 

The  needle  of  the  vitrectomy  instrument  was  slowly 
and  cautiously  advanced  towards  the  posterior  pole  under 
constant  visualization  with  the  indirect  ophthalmoscope. 
Three  to  four  small  lesions  were  made  below  the  medullated 
fibers  nasally,  in  the  area  which  corresponds  to  the 
visual  streak. 

The  vitrectomy  instrument  was  then  removed  and  a 
1 0  y  1  Hamilton  microsyringe  was  introduced  through  the  same 
hole  in  the  conjunctiva  and  sclera  and  the  tip  of  the 
needle  moved  as  close  as  possible  to  the  posterior  retina. 
Approximately  lOyl  of  either  RDGF  71X,  RDGF  7. IX,  NGF , 
or  Hepes  was  injected.  The  syringe  was  removed  and  the 
eye  returned  to  its  socket  after  removal  of  the  extra¬ 
ocular  muscle  sutures.  The  scleral  wounds  and  the  con¬ 
junctiva  were  not  sutured.  Neither  sterile  instruments 
nor  post-operative  antibiotics  were  used  (Machemer  et  al_.  , 
1968) .  All  the  animals  were  returned  to  their  cages  in 
satisfactory  condition. 
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Fig .  2  Surgical  procedure  for  lesioning  the  retina. 

The  Machemer  vitrectomy  instrument  is  introduced  through 
the  pars  plana  and  advanced  in  the  vitreous  cavity  until 
the  tip  injures  the  retina. 
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Previous  to  developing  the  above  technique  for 
creating  the  experimental  wounds  in  the  retina,  we  had 
tried  two  different  methods.  First,  we  used  an  instru¬ 
ment  which  consisted  of  a  30g  piece  of  wire  introduced 
through  a  23g  needle  under  direct  ophthalmoscopy.  When 
these  wounds  were  evaluated  histologically,  it  was  ob¬ 
served  that  the  depth  of  the  wound  was  quite  variable 
from  eye  to  eye.  This  was  attributed  to  the  lack  of 
binocular  vision  afforded  by  the  direct  ophthalmoscope. 

The  second  method  which  we  tried  was  using  the  same  30g 
wire  through  the  23g  needle  but  using  a  four  mirror 
contact  lens  and  the  Zeiss  operating  microscope.  Problems 
were  encountered  in  keeping  the  contact  lens  in  its  proper 
position  because  of  its  size  and  the  area  of  sclera  it 
covered.  This  made  it  difficult  for  us  to  penetrate  into 
the  vitreous  cavity  without  damaging  the  peripheral  retina. 
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2 .  Lens 

For  this  aspect  of  this  research,  the 
rabbits  were  anesthetized  and  prepared  in  the  same 
manner  as  described  above.  The  vitrectomy  instrument 
was  introduced  through  the  con j untival-scleral  hole. 

The  tip  of  the  needle  was  smoothly  run  over  the  posterior 
pole  of  the  crystalline  lens  making  a  linear  pattern. 

The  vitrectomy  instrument  was  then  removed  and  the 
Hamilton  microsyringe  was  introduced  and  either  Hepes 
or  RDGF  71X  was  injected  into  the  vitreous. 
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Fig .  3  Surgical  procedure  for  injuring  the  posterior 
lens  capsule.  The  cutting  instrument  is  introduced 
through  the  pars  plana  and  a  slit  is  made  in  the  posterior 
capsule . 
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E .  Enucleations 

The  eyes  were  enucleated  following  the 
schedules  presented  above.  Each  rabbit  was  anesthetized 
using  sodium  pentobarbital  through  a  peripheral  ear  vein. 
Using  dissecting  scissors  each  eye  was  enucleated  avoid¬ 
ing  damage  to  the  globe.  These  were  quickly  placed  in 
ice  water  and  with  cutting  scissors  were  denuded  of  their 
adnexa,  including  most  of  the  conjunctiva.  This  proce¬ 
dure  appreciably  reduced  any  post-mortem  changes 
(Grierson  et.  a^.  ,  1976)  .  A  small  incision  with  a  sharp 
blade  was  made  approximately  2mm  behind  the  limbus  and 
the  incision  was  carried  circumferentially  with  the  cut¬ 
ting  scissor.  Care  was  taken  not  to  apply  pressure  to 
the  globe  and  cause  massive  extrusion  of  the  vitreous . 

The  anterior  part  of  the  eye  was  carefully  lifted  and 
placed  en  bloc  in  the  glutaraldehyde-formalin  fixative 
solution.  The  posterior  part  of  the  eye  was  then  placed 
in  a  petri  dish  containing  fixative  solution.  Under  the 
magnification  of  the  dissecting  microscope,  the  vitreous 
was  removed  by  using  a  fine  tipped  cotton  applicator, 
with  special  precautions  as  to  not  detach  the  retina. 

In  a  few  of  the  specimens,  fibrous  bands  and  epiretinal 
membranes  were  cut  with  a  sharp  blade  in  order  to  avoid 
traction  on  the  retina  when  removing  the  vitreous. 

The  fundi  were  scanned  with  the  dissecting  microscope 
until  all  lesions  were  identified.  The  fundi  was  then 
sectioned  using  a  #10  scalpel  blade.  A  drawing  of  the 
shape  of  the  tissue  and  the  lesion  was  made  since  all 
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gross  detail  would  be  lost  when  the  tissue  was  placed  in 
1%  OsO^ .  The  pieces  of  tissue  containing  the  lesions  were 
then  placed  in  bottles  containing  cold  glutaraldehyde 
formalin  fixative  and  refrigerated.  All  eyes  were  enuc¬ 
leated  following  the  same  procedure.  All  animals  were 
sacrificed  after  enucleating  both  eyes. 

F .  Fixation  and  embedding 

Tissues  were  first  fixed  in  a  solution  consist¬ 
ing  of  2.5%  glutaraldehyde,  2.0%  formalin  and  0 . 1M  phos¬ 
phate  buffer  at  a  pH  of  7.4.  This  was  kept  in  ice  for 
approximately  three  hours.  The  tissues  were  then  washed 
in  a  solution  of  0.133  M  phosphate  buffer  and  5%  sucrose 
at  pH  7.4.  This  was  done  twice  for  five  minutes  each 
time . 

Subsequently,  the  tissues  were  post-fixed  in  two 
different  solutions:  one  consisting  of  1%  OsO^  in  0 . 1M 
phosphate  buffer  and  5%  sucrose  at  pH  7.8  and  the  second 
consisting  of  1%  OsO^  in  1.5%  potassium  f errocyanide . 

They  remained  in  this  solution  for  approximately  120 
minutes  in  a  shaker  bath. 

Next  came  the  dehydration  step.  The  tissues  were 
placed  in  70%,  85%,  95%  and  100%  EtOH.  They  were  placed 
twice  in  the  70%,  85%,  and  95%  EtOH  for  a  period  of  five 
minutes  each,  and  three  times  in  fresh  100%  EtOH  for  ten 
minutes . 

The  tissues  were  then  cleansed  in  Toluene  for  one 
hour,  making  a  change  into  new  solution  after  the  first 
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ten  minutes . 

Next,  came  the  infiltration  step  using  Spurr's 
medium  (Spurr,  1969) .  This  is  a  low  viscosity  embedding 
material  which  is  made  from  the  following  commercially 
available  materials: 


CIBA  RD-4  (VCD) 

lOg 

DER  736 

6g 

NSA 

2  6g 

DMAE 

•  4g 

In  order  to  produce  a  softer  or  harder  block,  more  or  less 
DER  736  was  mixed,  and  the  color  could  be  made  lighter  or 
darker  by  decreasing  or  increasing  the  DMAE . 

To  infiltrate  the  tissues,  the  specimen  bottles  were 
thoroughly  cleansed  of  the  Toluene  with  a  pipette.  The 
Spurr's  medium  was  added  to  the  tissues  and  left  for 
three  hours  at  room  temperature. 

Using  the  drawings  previously  made  of  the  tissues 
and  the  lesions,  the  specimens  were  placed  in  warmed 
rubber  molds  in  the  correct  orientation  to  ease  and  mini¬ 
mize  the  work  of  sectioning.  The  molds  were  filled  with 
the  Spurr's  medium  and  numbered.  They  were  then  trans¬ 
ferred  to  the  oven  were  they  were  left  at  60°C  for  approx¬ 
imately  18-24  hours.  A  test  block  was  removed  at  this 
time  and  checked  for  hardness. 

G .  Sectioning 

Once  the  molds  were  removed  from  the  oven,  they 
were  allowed  to  cool  at  room  temperature.  The  blocks  were 
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then  removed  from  the  molds  and  placed  in  chucks  where 
they  were  trimmed  and  the  tissues  oriented  as  close  as 
possible  to  the  cutting  edge  of  the  block. 

An  Ultratome  III,  LKB  model  8800,  microtome  was  used. 
Once  the  proper  ly  serial  sections  were  obtained,  these 
were  placed  on  a  glass  slide.  Methylene  blue  1%  and 
Azure  II  1%  in  equal  parts  were  added  and  left  for  approx¬ 
imately  20  seconds  for  staining.  A  cover  slip  was  then 
placed  over  the  slide.  The  section  was  then  examined 
under  the  light  microscope.  Serial  sections  were  obtained 
of  most  of  the  lesions. 

H .  Preparation  of  tissues  for  examination  of  lens 
lesions 

The  lenses  with  the  lesions  were  placed  in  glu- 
taraldehyde-f ormalin  fixative  solution  and  were  divided 
into  two  groups,  each  containing  both  experimental  and 
control  lenses.  One  group  of  lenses  were  thin  sectioned 
and  stained  with  H  +  E.  The  second  group  of  lenses  were 
prepared  for  scanning  electron  microscopy. 


-37- 


III .  Results 

A .  Daily  clinical  observations 

All  animals  were  examined  post  operatively. 

An  indirect  ophthalmoscope  with  a  30D  lens  was  used. 

There  was  no  evidence  of  retinal  detachment  other  than  in 
the  areas  surrounding  the  lesions  and  this  was  usually 
limited  to  no  more  than  1mm  circumferentially  around  the 
lesion.  There  was  slight  pallor  around  the  lesion.  All 
lesions  showed  minimal  bleeding  into  the  wound  cavity, 
which  eventually  was  observed  to  disperse  into  the  adja¬ 
cent  vitreous.  There  was  no  active  bleeding  observed. 

A  track  was  seen  to  form  in  the  area  of  the  vitreous 
where  the  instrument  and  injection  needle  had  been  intro¬ 
duced.  A  few  hours  after  the  lesions  had  been  made, 
some  cloudiness  of  the  vitreous  was  observed,  probably 
corresponding  to  the  same  areas  where  the  control  solution 
and  the  growth  factors  were  injected.  No  vitreous  was 
observed  to  come  out  through  the  scleral  hole. 

Fundus  pictures  were  taken  of  one  of  the  rabbits  to 
illustrate  the  location,  magnitude,  and  clinical  appear¬ 
ance  of  the  wound. 

Fundus  drawings  were  made  at  one  day  post  op  in  order 
to  document  and  follow  the  gross  appearance  of  the  wounds. 

Indirect  ophthalmoscopy  was  performed  every  post  op. 
day  and  results  recorded.  The  fundus  hemorrhages  observed 
right  after  the  injury  cleared  slowly  and  subretinal  blood 
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Fig .  4  Lesions  in  Rabbit  Fundus  1.  Lesion  approximately 
one  hour  after  injury.  The  lesion  is  one  disc  diameter 
below  the  optic  disc,  in  an  avascular  area.  Slight  vit¬ 
reous  bleeding  around  the  wound  is  present. 


Fig .  5  Lesion  in  Rabbit  Fundus  II.  Three  lesions 
approximately  one  hour  after  injury.  The  location 
is  more  peripheral  than  in  Fig.  4.  There  is  some 
bleeding  into  the  vitreous. 
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Fig .  6  Fundus  drawings  of  retinal  lesions.  The  follow 
ing  color  and  symbol  code  was  used: 

Red  lines  -  normally  attached  retina 
Blue  lines  -  detached  retina 
Red  vascular  pattern  -  retinal  arterioles 
Blue  vascular  pattern  -  retinal  veins 
Red  spot  circled  with  blue  -  retinal  tear 


Red  spot 

Yellow 

Green 

retinal  hemorrhage 

myelinated  nerve  fibers 

any  opacity  including  blood  in  the 

vitreous 

Black 

melanin  pigment 
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was  occasionally  visible  even  14  days  after  injury. 

In  the  lenses,  a  lesion  was  observed  in  the  posterior 
capsule.  Marked  cloudiness  and  membrane  formation  were 
observed.  These  were  first  seen  at  day  7  post  op  and  be¬ 
came  more  noticeable  at  day  14.  In  two  of  the  eyes  where 
lens  lesions  were  made,  the  fundus  could  not  be  seen  at 
day  14  due  to  the  cloudiness  of  the  posterior  capsule. 

The  rabbits  were  examined  daily.  The  degree  of  light 
perception  was  tested  by  means  of  pupillary  response  to 
light.  There  was  no  significant  change  in  this  parameter 
from  day  1  to  day  14  post  op.  There  was  no  indication 
of  external  infections  as  evidenced  by  suppuration.  Heal¬ 
ing  of  the  scleral  wound  was  accomplished  by  a  thin  gray¬ 
ish  white  membrane  that  covered  the  entrance  wound.  The 
retina  did  not  seem  to  detach  substantially  after  injury, 
though  some  serous  and  serosanguinous  elevation  of  the 
retina  encircled  the  retinal  wound  immediately  following 
the  injury.  By  one  week  the  retina  was  flat  and  much 
surrounding  subretinal  blood  was  absorbed.  The  retinas 
remained  attached  for  the  remainder  of  the  experiment. 

At  this  indirect  ophthalmoscopic  level,  no  significant 
differences  could  be  observed  between  the  experimental 
and  control  eyes. 

B .  Gross  evaluations  under  dissecting  microscope  at 
time  of  enucleation 

In  the  eyes  enucleated  at  day  1  there  was  no 
appreciable  difference  observed  in  the  wounds  between  the 
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control  and  experimental  eyes.  Both  showed  a  well  demar¬ 
cated  blood  clot  in  the  center  of  the  lesions,  minimal 
retinal  detachment  with  subretinal  serosanguinous  fluid, 
and  areas  of  slight  pallor  directly  adjacent  to  the  lesions. 
The  vitreous  was  clear,  showing  only  some  cloudiness  close 
to  the  lesion,  probably  at  the  site  where  the  solutions 
had  been  injected.  There  was  no  fibrous  band  formation. 

At  day  4,  one  eye  with  the  injection  of  RDGF  7. IX 
showed  dark  dot-like  markings  in  the  periphery  and  the 
central  area  of  one  of  the  lesions.  The  rest  of  the  retina 
looked  slightly  depigmented.  The  other  lesions  showed  no 
change  from  the  observations  made  for  day  one.  The  vit¬ 
reous  showed  more  cloudiness  inferiorly,  close  to  the  area 
of  the  retinal  wounds. 

The  retinal  wounds  from  the  eyes  enucleated  at  day  7 
and  day  14  after  the  operation  showed  no  striking  differ¬ 
ence  other  than  progressive  resorption  of  epiretinal  blood 
and  increasing  cloudiness  of  the  vitreous  in  the  areas 
close  to  the  wounds.  Again,  there  was  no  marked  differ¬ 
ence  between  the  experimental  and  control  group. 

C .  Gross  observations  of  lens  lesions 

The  rabbit  lenses  two  weeks  after  having  made  a 
lesion  through  the  posterior  capsule,  showed  some  differ¬ 
ences  between  the  lenses  which  had  been  injured  followed 
by  an  injection  of  the  retinoblastoma  derived  growth  factor 
and  those  injured  followed  by  an  injection  of  Hepes  buffer 


as  a  control . 
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Fig .  7  Photograph  showing  control  lens.  Note  slit-like 
wound  extending  vertically  over  posterior  capsular  region. 
Irregularities  on  the  right  equatorial  area  is  due  to 
handling  of  the  specimen. 
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I 


Fig .  8  Photograph  showing  lens  treated  with  RDGF  71X. 
Note  membranous  outgrowth  from  wound  area. 
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(A) 


(C) 


Fig .  9  Anterio-poster ior  and  lateral  views  of  lens  lesions. 
(A)  Appearance  immediately  after  lesion.  (B)  Control  lenses, 
with  wound  margins  well  delineated.  (C)  Lenses  treated  with 
RDGF.  Note  growth  of  membranous  mass  from  site  of  injury. 
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In  the  control  eyes,  the  wound  margins  were  open 
and  gaped.  The  surgical  incision  went  through  the  capsule 
and  subcapsular  lens  fibers,  approximately  2mm  deep,  in 
the  posterior  pole.  A  part  of  the  capsule  had  dehisced 
from  the  subcapsular  fibers  and  was  freely  movable  from 
the  lens.  This  capsular  material  looked  like  a  membrane 
with  ragged  edges  right  at  the  margins  of  the  wound. 

There  was  little  opacification  of  the  lens,  with  some 
swelling  of  the  remainder  of  the  posterior  capsule.  Anter¬ 
iorly  the  lens  was  intact.  Both  control  lenses  looked 
very  similar;  the  only  difference  being  the  size  in  length 
of  the  wound  and  the  amount  of  posterior  capsule  that  had 
detached  from  the  remaining  lens  fibers. 

The  two  lenses  in  which  a  linear  lesion  was  made  in 
the  posterior  capsule  and  RDGF  71X  was  injected  showed 
several  differences  in  appearance  from  the  controls. 

The  lenses  showed  minimal  opacification  or  swelling.  The 
wound  edges  grew  out  of  the  posterior  surface  forming  a 
ragged,  irregular  membrane  which  grew  out  approximately 
2mm  above  the  lens.  It  was  difficult  to  make  out  the 
wound  edges  in  this,  tumor-like  mass.  Both  lenses  looked 
very  similar,  and  different  from  the  two  control  groups. 

D .  Histopathologic  observations  of  retinal  lesions 
One  micron  thick  plastic  serial  sections  made 
from  the  retinal  lesions  were  observed  under  the  light 
microscope.  Representative  slides  from  each  of  the  exper¬ 
imental  days  and  conditions  were  chosen  to  be  reviewed. 
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The  following  is  the  consensus  of  observations  of  these 
representative  lesions: 

DAY  1 
Control 

Wounds  in  the  retina,  going  as  deep  as  the  RPE  and 
disrupting  Bruch's  membrane  were  studied.  No  vitreous 
was  seen  implanted  in  the  wounds.  There  were  red  blood 
cells,  polymorphonuclear  cells,  and  fibrin  in  the  vitreous 
and  scattered  over  the  inner  aspects  of  the  wound. 

Swelling  was  appreciable  in  all  layers  but  was  more 
marked  in  the  inner  half  of  the  retina.  At  the  retinal 
hole,  the  edges  rolled  inward  probably  secondary  to  the 
edema.  The  inner  limiting  membrane  was  gone  from  the 
area  of  the  wound.  A  defect  was  seen  in  the  nerve  fiber 
layer.  There  was  swelling  of  the  ganglion  cells.  There 
was  a  dropout  of  bipolar  cells,  and  those  present  showed 
early  degenerative  changes.  The  predominant  cell  type 
seen  in  the  wound  area  were  the  nuclei  of  the  photorecep¬ 
tors.  At  the  margins  of  the  wound  these  looked  disorgan¬ 
ized  and  almost  all  layers  of  the  retina  had  some  of  these 
cells  present.  Some  of  their  nuclei  looked  pyknotic . 

The  photoreceptors  in  the  wound  area  were  destroyed. 

There  was  some  detachment  with  serous  infiltrates  between 
the  photoreceptors  and  the  RPE .  Bruch ' s  membrane  appeared 
broken.  The  RPE  showed  little  activity,  most  cells  being 
flat  and  in  close  apposition  to  Bruch's  membrane.  Some 
pigment  granules  were  seen  drawn  almost  to  the  surface 
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Fig.  10  Photograph  showing  a  representative  lesion  one 
day  after  the  injection  of  HEPES  buffer.  For  description 
of  lesion,  refer  to  pages  48,  50  in  the  text.  (xl60, 
methylene  blue,  azure  II). 
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of  the  wound.  The  cells  in  the  choroid  showed  no  evidence 
of  changes  in  morphology  or  proliferation.  Very  little 
inflammatory  activity  was  appreciable  in  the  wound  area 
except  for  a  few  PMN ' s  present  in  the  vitreous.  Sections 
from  different  wound  areas  showed  similar  changes.  In 
the  areas  of  the  retina  peripheral  to  the  lesions,  no 
major  changes  from  the  normal  morphology  could  be  apprec¬ 
iated  . 

RDGF  7 IX 

Wounds  going  as  deep  as  the  retinal  pigment  epithel¬ 
ium  were  observed.  The  wound  margins  looked  ragged  and 
there  was  swelling  of  all  the  inner  layers  of  the  retina. 
There  was  no  appreciable  detachment  from  the  RPE  except  at 
the  site  of  the  trauma.  Red  blood  cells  were  observed 
scattered  in  the  wound  area  and  very  few  in  the  preretinal 
surface  and  vitreous.  Fibrin-like  material  was  observed 
in  the  vitreous  surface.  There  was  no  vitreous  incarcer¬ 
ation  in  the  wound.  The  inner  limiting  membrane  was  mis¬ 
sing  at  the  site  of  the  trauma.  There  was  marked  disruption 
of  the  nerve  fiber  layer.  There  was  total  loss  of  the 
ganglion  cell  layer,  although  some  were  present  in  the 
peripheral  retina.  There  was  loss  of  bipolar  cells  and 
their  position  was  filled  by  vacuoles  and  some  remained 
as  empty  spaces.  The  nuclei  of  the  photoreceptor  cells, 
red  blood  cells,  and  RPE  granules  were  the  predominant 
constituents  of  the  wound.  Some  photoreceptor  nuclei 
appeared  pyknotic  with  marked  clumping  of  the  chromatin. 


-51- 


The  inner  segments  of  the  photoreceptors  looked  normal 
but  the  outer  segments  looked  degenerated  at  the  margins 
of  the  wound.  In  the  area  of  the  wound  there  was  detach¬ 
ment  and  movement  of  RPE  towards  the  surface  of  the 
wound,  most  of  these  cells  contained  prominent  pigment 
granules.  Some  of  the  RPE  cells  had  lost  their  flat 
appearance  and  now  looked  round  and  phagocytic  with 
intracellular  pigment  granules  and  cellular  debris.  There 
were  no  cells  resembling  fibroblasts  in  the  wound  area 
although  one  of  the  observers  noted  some  fibrin  deposi¬ 
tion  close  to  the  inner  surface  of  the  wound.  Bruch's 
membrane  appeared  to  be  broken.  The  cells  in  the  choroid 
under  the  wound  showed  changes  in  some  of  the  wounds. 

They  became  3  to  4  cell  layers  thick  and  became  larger 
and  elongated.  Peripheral  areas  to  the  wound  showed 
minor  changes,  primarily  in  the  inner  half  of  the  retina 
where  vacuolations  were  seen  in  the  ganglion  and  bipolar 
cell  layers  with  dropout  of  both  of  these  cell  types. 

It  was  the  general  impression  of  all  the  observers  that 
slides  of  Day  1  with  the  RDGF  71X  showed  more  reparative 
cellular  activity,  especially  by  RPE  cells  and  choroid 
than  the  slides  observed  from  Day  1  control. 

NGF 

A  wound  in  which  one  of  its  margins  swung  out  into 
the  vitreous  was  observed.  The  lesion  went  as  deep  as  the 
RPE.  The  wound  margins  were  irregular  and  much  cellular 
disorganization  was  observed  in  the  inner  layers  of  retina. 
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Fig.  11  Photograph  of  lesion  at  day  one  after  injection 
of  RDGF  71X.  There  is  cellular  disorganization  at  all 
levels.  Photoreceptor  nuclei  show  pyknosis.  This  is 
detachment  and  movement  of  the  RPE  towards  the  inner 
surface.  For  a  more  detailed  description  see  pages  50, 
51.  (x400,  methylene  blue,  azure  II). 
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There  were  no  cellular  infiltrates  or  fibrin  in  the 
vitreous  nor  was  there  vitreous  incarceration  in  the 
wound.  The  inner  limiting  membrane  was  absent  from  the 
site  of  the  wound.  The  few  ganglion  cells  in  the  wound 
area  showed  marked  swelling  and  vacuolation.  The  nerve 
fiber  layer  was  disrupted.  The  inner  layers  of  the  retina 
showed  loss  of  cellular  elements,  being  replaced  mainly 
by  vacuoles,  serous  fluid,  and  few  migrating  pigmented 
cells.  The  outer  nuclear  layer  showed  pyknosis  and  degen¬ 
eration,  appearing  worse  in  the  areas  of  frank  detachment. 
The  inner  halves  of  the  photoreceptors  showed  less  degen¬ 
eration  than  the  outer  halves.  There  were  areas  of 
depigmentation  of  the  RPE  close  to  the  wound  and  some  cells 
containing  pigment  granules  were  observed  in  the  inner 
layers  of  the  retina  coming  out  through  the  wound.  Bruch's 
membrane  appeared  intact.  The  choroid  appeared  several 
cell  layers  thick.  The  peripheral  retina  showed  little 
morphologic  changes  from  the  control . 

RDGF  7. IX 

Wounds  disrupting  all  layers  of  the  retina  were  ob¬ 
served.  There  was  fibrin  filling  in  the  empty  spaces  in 
the  retina  left  by  the  wound.  The  inner  edges  of  the 
wound  were  torn  by  the  mechanical  trauma  and  the  internal 
limiting  membrane  was  missing.  A  few  red  blood  cells 
were  present  on  the  surface  of  the  retina  and  in  the 
wound  cavity  close  to  the  base.  A  fibrin  matrix  was 
seen  to  fill  in  the  gap  left  by  the  trauma,  and  this 
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matrix  appeared  to  form  a  scaffold  for  red  blood  cells, 
pigment  epithelial  macrophages  and  cellular  debris.  Few 
ganglion  cells  were  seen  and  these  appeared  to  be  degen¬ 
erating  with  marked  swelling  and  vacuolation.  The  nerve 
fiber  layer  was  missing  at  the  site  of  injury  and  in  the 
peripheral  retina,  there  was  marked  vacuolation  in  this 
layer.  The  bipolar  cell  layer  was  destroyed  at  the 
wound  cavity  but  showed  healthy  looking  cells  in  all  other 
areas.  The  outer  nuclear  layer  showed  pyknotic  nuclei 
and  areas  of  disorganization  close  to  the  wound  margin. 

The  photoreceptors  were  degenerated  in  the  site  of  the 
lesion  where  the  retina  was  detached  from  the  RPE  with 
subretinal  pockets  of  sero-f ibr inous  fluid.  The  RPE  cells 
looked  very  reactive  with  migration  of  cells  into  the 
inner  aspects  of  the  retina,  apparently  phagocytising 
the  outer  segments  of  some  of  the  photoreceptors.  Some 
cells  had  lost  their  pigment  granules.  The  RPE  in 
some  of  the  areas  adjacent  to  the  wound  appeared  to  be 
rounded  with  more  pigment  granules  than  RPE  cells  in  the 
peripheral  areas.  Bruch's  membrane  appeared  to  be  broken 
and  some  red  blood  cells  seemed  to  be  coming  from  the 
choroid.  There  was  disruption  of  the  choroid  by  the  trauma, 
with  bleeding  and  disruption  of  cells.  Cells  in  the 
choroid  close  to  the  wound  appeared  thin,  elongated,  and 
one  to  two  cell  layers  thick. 

Thus,  the  different  wounds  and  experimental  conditions 
from  day  one  showed  more  similarities  than  differences. 
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The  extent  of  the  trauma  was  comparable  between  experi¬ 
mental  groups  and,  therefore,  the  histologic  findings  at 
the  site  of  the  injury,  its  margins,  and  the  peripheral 
retina  were  very  similar. 

The  inflammatory  response  in  all  wounds  was  much 
less  than  expected.  Although  red  blood  cells  were  present 
in  all  wounds,  the  invasion  of  tissues  by  white  cells  was 
attenuated . 

The  cells  close  to  the  areas  of  disruption  by  the 
injury  showed  signs  of  degeneration.  There  was  swelling 
of  the  cytoplasm  and  vacuolation  in  most  cells  in  the 
inner  half  of  the  retina.  The  outer  nuclear  layers  close 
to  the  margins  of  the  wounds  showed  clumping  of  the  chro¬ 
matin,  nuclear  shrinking  and  pyknosis.  These  changes 
were  markedly  accentuated  in  wounds  where  there  was 
detachment  from  the  RPE .  In  the  areas  of  the  retina 
peripheral  to  the  wounds,  not  many  changes  were  noted 
except  in  the  inner  layers,  mainly  the  nerve  fiber  and 
ganglion  cell  layers,  where  vacuolation  was  occasionally 
seen . 

The  wound  area  in  the  two  experimental  conditions 
in  which  the  retinoblastoma  derived  growth  factor  was 
injected  showed  more  fibrin  deposition.  Also,  the  RPE 
seems  to  invade  more  of  the  wound  area  in  these  two  con¬ 
ditions.  Some  of  these  cells  had  changed  their  morphology, 
showing  phagocytosis  of  the  outer  segments  of  the  degen¬ 
erating  photoreceptors  and  of  cellular  debris  from  the 
inner  nuclear  layer  at  the  margins  of  the  wound.  It  is 


-56- 


conceivable  that  the  fibrin  seen  in  these  wounds  was  de¬ 
posited  by  the  metaplastic  RPE  cells  (Frayer,  1966). 

But,  under  these  experimental  conditions,  we  can  not 
rule  out  the  possibility  of  its  origin  from  the  vascular 
elements  of  the  choroid,  particularly  in  wounds  where 
Bruch's  membrane  was  disrupted.  No  mitotic  figures  were 
observed  in  any  of  the  sections  from  day  one. 

DAY  4 
Control 

All  lesions  were  observed  to  penetrate  into  the  super¬ 
ficial  layers  of  the  choroid.  The  wound  cavity  was  filled 
with  an  exudate,  many  fibroblasts,  and  pigmented  macro¬ 
phages.  No  cells  were  observed  in  the  vitreous.  The 
wound  margins  were  round  and  smooth,  but  elevated  secondary 
to  the  marked  cellular  infiltrate.  The  inner  limiting 
membrane  was  missing  from  the  wound  area.  The  nerve 
fiber  layer  had  a  defect  at  the  site  of  the  wound.  The 
inner  half  of  the  retina  showed  marked  disruption  with 
loss  of  ganglion  and  bipolar  cells.  The  only  cells  that 
remained  in  the  area  seemed  to  be  of  glial  origin,  possi- 

II 

bly  the  foot  processes  of  Muller  cells,  and  the  rest  of 
the  area  was  filled  with  vacuoles,  cell  debris,  and  fibro¬ 
blasts.  The  outer  nuclear  layer  showed  cystic  changes, 
nuclear  pyknosis,  dropout  of  cells  and  thinning  in  the 
areas  adjacent  to  the  wound.  The  photoreceptors  showed 
marked  degeneration  in  both  inner  and  outer  layers.  The 
RPE  seemed  to  have  undergone  fibrous  metaplasia  since 
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Fig.  12  Photograph  of  retinal  lesion  four  days  after 
injection  with  HEPES  buffer.  Wound  cavity  is  seen  to  be 
filled  with  an  exudate,  fibroblasts  and  pigmented  macro¬ 
phages  (x400,  methylene  blue,  azure  II). 
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very  few  pigmented  epithelial  cells  were  observed  in  the 
wound  area  yet  there  were  numerous  fibroblasts  and  macro¬ 
phages  containing  some  pigment  granules  and  cellular 
debris.  In  the  immediate  vicinity  of  the  wound,  the  RPE 
was  sparse  and  thin.  In  more  peripheral  areas,  it  was 
prominent  with  several  cell  layers  thick  and  with  many 
pigment  granules.  There  were  some  large  rounded  pigment 
laden  macrophages  within  the  subretinal  space.  Bruch's 
membrane  was  broken.  The  choroid  had  cells  with  increased 
cytoplasmic  contents  and  cells  that  had  fully  different¬ 
iated  into  fibroblasts. 

RDGF 

Sections  were  studied  in  which  the  lesion  disrupted 
all  layers  of  the  retina  and  the  superficial  choroid. 

The  wound  margins  gaped  inward,  with  many  red  blood  cells, 
pigmented  macrophages,  fibroblasts  and  exudate  filling 
the  wound  cavity.  Red  blood  cells  and  polymorphonuclear 
leukocytes  were  present  in  the  vitreous  cavity.  A  few 
pigmented  macrophages  had  moved  into  the  vitreous  surface 
of  the  inner  retina.  Fibrin  was  present  in  the  wound 
cavity,  forming  a  scaffold  for  the  other  cells  in  the  same 
area.  The  retina  was  detached  in  the  area  of  the  wound 
and  a  collection  of  subretinal  fluid  was  present.  The 
inner  limiting  membrane  was  borken  off  and  the  ganglion 
cell  layer  in  the  margins  of  the  wound  showed  much  degen¬ 
eration  and  replacement  by  vacuoles  and  fibrin.  The 
bipolar  cells  appeared  to  be  better  preserved  in  the 
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Fig.  13  Photograph  of  retinal  lesion  four  days  after 
injection  of  RDGF  7 IX.  Wound  extends  through  all  layers 
of  the  retina  and  superficial  choroid.  Red  blood  cell 
debris,  fibrin,  and  pigmented  macrophages  are  seen  in  the 
wound  cavity.  Cells  corresponding  to  the  layer  of  the 
RPE  have  lost  the  pigment  granules  and  appear  elongated. 
(x400,  methylene  blue,  azure  II). 
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periphery  of  the  wound  than  was  observed  in  the  control 
situation.  The  inner  nuclear  layer  in  the  margins  of 
the  wound  showed  marked  degenerative  changes  and  the 
inner  and  outer  segments  of  the  photoreceptors  were  des¬ 
troyed.  The  RPE  in  the  wound  area  had  lost  most  of  the 
pigment  granules,  and  most  of  the  cells  showed  changes 
in  their  morphology  with  increased  cytoplasm  and  appeared 
more  elongated.  Many  of  these  cells  were  beginning  to 
look  like  some  of  the  fibroblasts  present  in  the  same 
areas.  Bruch's  membrane  was  broken.  The  choroidal  cells 
were  prominent  with  increased  cytoplasm  and,  in  general , 
more  cells  were  present  here  than  in  the  peripheral 
regions.  No  major  changes  were  noted  in  the  areas  of  the 
retina  peripheral  to  the  wounds. 

NGF 

Wounds  studied  involved  all  layers  of  the  retina  and 
penetrated  into  the  choroid,  disrupting  Bruch's  membrane. 

The  wound  margins  were  separated  by  an  infiltrate  consisting 
of  red  blood  cells,  pigmented  macrophages,  fibroblasts 
and  cellular  debris.  The  retina  was  detached  at  the  wound 
margins.  All  cellular  layers  at  the  margins  of  the  wound 
showed  marked  degenerative  cytoplasmic  and  nuclear  changes . 
The  RPE  was  very  reactive  at  the  site  of  the  wound.  Most 
of  these  cells  had  lost  both  their  close  apposition  to 
Bruch's  membrane  and  the  pigment  granules.  At  the  margins 
of  the  wound,  RPE  cells  were  observed  to  have  their  long 
axis  oriented  in  the  direction  of  the  wound  defect.  Bruch's 
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membrane  was  broken  at  the  site  of  injury.  Areas  of  the 
peripheral  retina  showed  cystic  changes  in  the  ganglion 
cell  layer,  but  otherwise  showed  no  other  degenerative 
changes . 

RDGF  7. IX 

No  lesion  comparable  to  the  ones  subjected  to  the 
other  experimental  conditions  could  be  obtained.  A  series 
was  obtained  from  a  wound  which  showed  disorganization 
of  all  layers  of  the  retina  from  the  internal  limiting 
membrane,  to  Bruch's  membrane  which  remained  intact. 
Remnants  of  photoreceptor  nuclei  were  present  in  the  vit¬ 
reous  and,  in  fact,  these  were  the  predominant  cell  type 
in  the  wound  cavity.  At  the  margins,  all  cellular  con¬ 
stituents  of  the  retina  showed  degenerative  changes . 

The  RPE  cells  directly  beneath  the  injury  showed  clumping 
of  the  pigment  granules,  but  these  cells  did  not  show 
changes  in  morphology.  An  active  inflammatory  response 
was  absent.  No  changes  were  observed  in  the  choroid. 

The  peripheral  retina  showed  cystic  changes  in  the  inner 
nuclear  and  ganglion  cell  layers.  The  outer  nuclear  layer, 
photoreceptors  and  RPE  did  not  show  any  changes.  Thus, 
by  day  four,  most  of  the  lesions  showed  resorption  of  red 
blood  cells,  less  edema  and  invasion  of  the  wound  cavity 
by  fibroblast  like  cells,  pigment  macrophages  and  fibrin 
deposits.  This  was  a  remarkable  change  from  wounds  at  day 
one.  It  appeared  as  if  the  reparative  cells  had  used  the 
fibrin  deposits  as  a  scaffold  to  fill  in  the  wound  cavity. 
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There  was  no  observable  difference  in  the  separative 
process  between  the  wounds  under  the  different  experimental 
conditions . 

At  the  margins  of  the  wound,  most  cells  showed  the 
same  cytoplasmic  and  nuclear  degenerative  changes. 

The  reactivity  of  the  RPE  cells  was  marked  in  all 
the  sections.  These  cells  appeared  to  move  from  their 
normal  anatomical  location  to  areas  within  the  wound  cav¬ 
ity  and  vitreous.  They  also  changed  their  morphology, 
becoming  larger  and  more  elongated  with  their  long  axis 
oriented  towards  the  wound  cavity. 

The  retina  adjacent,  but  not  involved  directly  by  the 
trauma,  showed  little  change  in  most  of  the  sections. 

By  7  and  14  days,  lesions  in  the  retina  under  the 
different  experimental  conditions  were  observed  to  be 
similar  in  most  of  the  slides. 

At  7  days  a  defect  was  noted  at  the  site  of  injury 
by  the  disarrangement  of  elements  in  the  different  layers 
of  the  retina.  Most  lesions  contained  a  fold  with  its 
apex  oriented  towards  the  inner  part  of  the  eye .  The 
outer  parts  of  the  retina  were  in  close  apposition  to 
Bruch's  membrane  and  most  of  the  subretinal  fluid  had 
disappeared.  No  cells  were  noted  in  the  vitreous.  The 
retinal  edges  at  the  wound  margin  tapered  to  form  a  scar. 
The  wound  cavity  was  completely  filled  with  cellular 
elements,  consisting  of  a  mixture  of  round,  elongated 
and  cuboidal  cells;  in  some  of  them,  the  nucleus  was 
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Fig.  14  Photograph  of  retinal  wound  after  seven  days. 
See  pages  62  and  64  for  description.  (xl60,  methylene 
blue,  azure  II) . 
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indistinguishable .  At  the  wound  margins,  the  prominent 
elements  were  the  nuclei  of  the  photoreceptors,  most  of 
them  showing  clumping  of  the  chromatin  and  small  pyknotic 
nuclei.  Areas  of  focal  thinning  and  loss  of  the  outer 
nuclear  layer  were  observed.  Pigment  epithelial  macro¬ 
phages  had  migrated  into  the  spaces  between  outer  segments 
in  areas  of  retinal  damage.  The  pigment  epithelium  showed 
changes  in  morphology.  Many  of  the  cells  had  lost  most 
or  all  of  their  granules. 

The  parts  of  the  retina  peripheral  to  the  wounds 
showed  little  changes  from  their  normal  morphology. 

At  14  days,  wounds  were  seen  as  folds  with  the  outer 
nuclear  layer  in  much  disarray.  These  cells  together  with 
pigment  epithelial  cells  appeared  to  fill  in  the  wound 
cavity.  No  red  blood  cells  were  seen  in  the  wound  except 
intravascularly  in  the  choroid.  Most  of  the  exudate  was 
resorbed . 

Wound  healing  progressed  from  day  7.  The  margins 
of  the  lesion  were  not  completely  sealed  by  scar  tissue 
yet.  The  outer  nuclear  layer  that  was  severed  from  its 
usual  anatomic  position  appeared  degenerated  and  necrotic. 
The  retinal  pigment  epithelium,  which  showed  proliferation 
around  the  wound  sites,  formed  layers  of  pigmented,  non- 
pigmented,  ovoid  and  flattened  cells  at  the  wound  cavity 
and  beneath  the  damaged  retina. 

The  peripheral  retina  at  14  days  did  not  show  any 
marked  morphologic  changes. 


■ 
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Fig.  15  Photograph  of  retinal  wound  fourteen  days  after 
the  lesion  was  created.  See  pages  62  and  64  for  descrip¬ 
tion.  (X160,  methylene  blue,  azure  II). 
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IV .  Discussion 

The  main  objective  of  this  project  was  to  test  the 
stimulatory  effects  of  NGF  and  RDGF  in  a  living  animal 
and  to  study  the  functional  consequences  of  these  growth 
factors  on  wounds  in  the  lens  and  retina.  The  literature 
provided  us  with  few  studies  where  a  growth  factor  has 
been  characterized  with  regard  to  its  effects  in  vitro 
(tissue  and  organ  culture)  and  i_n  vivo  (Rich,  1979; 
Levi-Montalcini ,  1960).  Observations  by  other  investiga¬ 
tors  on  the  mitogenic  effect  of  NGF  (Levi-Montalcini,  1960) 
and  of  RDGF  (Rubin  et  a^.  ,  1980,  Tarsio  et  aJL.  ,  1980)  in 
cell  cultures  raised  the  question  of  what  would  be  the 
in  vivo  consequences  of  such  stimulation. 

Gross  morphologic  evaluations  of  the  lesions  in  the 
rabbit  lens  were  suggestive  of  a  different  response  to 
no  growth  factor  and  to  retinoblastoma  derived  growth 
factor.  When  RDGF  was  injected,  lesions  in  the  posterior 
capsule  and  subcapsular  lens  fibers  showed  a  membrane-like 
growth  that  extended  for  approximately  2mm  out  of  the 
normal  lens  configuration.  It  was  difficult  to  identify 
the  wound  margins.  In  the  control  lenses,  the  wound 
margins  and  subcapsular  lens  fibers  appeared  edematous, 
but  no  membrane  was  observed  growing.  Difficulties  were 
encountered  in  the  preparation  of  this  tissue  for  histo¬ 
logic  evaluation.  Scanning  electron  microscopy  was  then 
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attempted .  The  results  of  these  observations  were 
equivocal  for  technical  reasons,  specifically,  the  prepar¬ 
ation  of  the  tissue  for  electron  scanning.  The  findings, 
although  incomplete,  raise  the  previously  asked  question 
of  the  influences  the  neural  retina  may  exert  in  the 
growth  and  differentiation  of  the  mature  lens 
(Muthukkaruppan ,  1965;  Arruti  et  al,  1978) .  They  may 
also  address  some  of  the  speculative  effects  for  RDGF  in 
lens  development  and  growth  developed  from  ill  vitro 
studies  (Tarsio  et  al . ,  1980)  .  RDGF  could  be  a  factor 
which  is  normally  secreted  by  the  retina  for  the  continued 
growth  of  epithelial  cells  of  the  mature  lens.  Another 
speculative  observation  is  that  Y-79  retinoblastoma  cells 
maintained  in  serum-free  medium  may  be  reexpressing 
cellular  genes  that  are  normally  repressed  in  the  adult 
retina.  This  could  result  in  the  synthesis  of  lens 
inductive  factors  responsible  for  the  stimulation  of  DNA 
synthesis  and  proliferation  of  lens  epithelial  cells. 

Our  results  are  insufficient  to  prove  or  disprove  the 
above  speculations . 

Future  experiments  should  attempt  to  quantify  and 
characterize  the  histologic  appearance  of  this  outgrowth 
from  the  wounds  in  lenses  treated  with  RDGF. 

In  our  model  of  wounds  to  the  rabbit  retina,  we 
were  able  to  observe  the  different  stages  of  the  healing 
process  in  the  retina,  following  the  same  descriptive 
events  of  other  authors  (Hogan  &  Zimmerman,  1962;  Machemer 
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Si  Norton,  1968  ;  Yanoff  St  Fine,  1975;  Topping  et  al .  ,  1979; 
Cleary  St  Ryan,  1979).  We  were  able  to  confirm  the  obser¬ 
vations  that  the  rabbit  retina  is  extremely  difficult  to 
detach  (Machemer,  1968),  and  also  the  resistance  of 
the  rabbit  retina  to  inflammation  and  infection  following 
a  traumatic  lesion  (Topping  et  a_l .  ,  1979)  .  We  did  not 
observe  healing  in  the  form  of  plexiform  gliosis  and 
accessory  gliocytosis  (Foos,  1974)  possibly  because  our 
wounds  were  not  limited  to  the  inner  half  of  the  retina, 
but  rather  full  thickness  wounds,  most  of  them  through 
Bruch's  membrane.  In  our  lesions  we  were  able  to  confirm 
the  reactivity  of  the  retinal  pigment  epithelium  (Frayer, 
1966;  Machemer  et  ad.,  1978) and  its  potential  for  metaplasia 
into  macrophages  and  fibroblasts  (Mandelcorn  et  al . ,  1975)  . 
Our  retinal  wounds  progressed  through  the  healing  process 
much  in  the  same  way  as  skin  does,  with  epithelization 
and  loss  of  sensory  fibers  when  their  nuclei  are  destroyed 
(Peacock,  1976) . 

There  were  more  similarities  than  differences  in  the 
sections  of  retinal  wounds  from  days  1,  4,  7  and  14  in 
the  control  and  different  experimental  conditions.  For 
day  one,  the  lesions  in  which  RDGF  71X  and  7 . IX  was  injected, 
the  retinal  pigment  epithelium  appeared  more  reactive, 
invading  the  wound  cavity,  showing  changes  in  morphology 
and  possibly  being  responsible  for  more  fibrin  deposition. 

By  day  4,  all  wounds  showed  approximately  the  same  degree 
of  reactivity  by  the  RPE.  No  mitotic  figures  were  observed 
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in  the  outer  nuclear  layer.  These  were  qualitative  eval¬ 
uations  under  light  microscopy  of  selective  serial  sections, 
we  can  not  rule  out  the  possibility  of  quantitative  diff¬ 
erences  that  may  show  a  significant  effect  of  these  growth 
factors  in  the  healing  of  wounds.  With  more  time  in  the 
future,  we  will  attempt  to  do  this. 

The  project  reflects  the  problems  encountered  in 
working  with  an  animal  model  in  which  many  variables  may 
confound  the  observed  results.  After  several  preliminary 
experiments,  we  were  able  to  develop  our  technique  of 
creating  the  wounds  to  a  high  degree  of  reproducibility. 

We  were  unable  to  control  variables  that  may  have  existed 
between  the  experimental  animals,  the  biologic  activity 
of  the  growth  factors,  or  the  animals  response  to  the 
injection  of  a  foreign  substance.  Several  unknowns  were 
also  present  in  the  experimental  model.  The  half  life 
in  the  tissues  of  the  growth  factor  could  be  assumed  from 
in  vitro  studies,  but  the  differences  between  the  in  vivo 
and  in  vitro  situations  are  obvious.  The  specificity  of 
NGF  for  any  retinal  or  lens  tissue  is  unknown.  Suggestive 
evidence  that  RDGF  secreted  by  retinoblastoma  cells  in 
culture,  may  have  some  specificity  for  photoreceptor  cells 
comes  from  the  histologic  similarities  between  the  tumor 
cells  and  the  normal  photoreceptors  (Ts'o  £t  al . ,  1970)  . 
Also,  rhodopsin  has  been  found  in  the  retinoblastoma  tumor 
cells  by  antibody  assays  (Dr.  T.  Reid,  personal  communica¬ 
tions)  . 
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In  addition,  there  is  a  possibility  that  the  RDGF 
may  contain  an  inhibitory  fraction.  This  may  not  be 
discounted  until  this  substance  is  further  characterized 
and  purified  and  the  stimulation  potential  of  its  compon¬ 
ent  parts  determined. 
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V .  Conclusions 

Reproducible  lens  and  retinal  lesions  were  created 
in  the  eye  of  young  Dutch-belted  pigmented  rabbits. 

Effects  on  the  healing  of  these  lesions  by  nerve  growth 
factor  and  retinoblastoma  derived  growth  factor  was 
evaluated  by  gross  and  histologic  observations.  At  two 
weeks,  the  lens  lesions  showed  gross  morphologic  differ¬ 
ences  between  those  treated  with  Hepes  buffer  and  those 
in  which  RDGF  71X  was  injected  into  the  vitreous  cavity. 
Retinal  lesions  treated  with  RDGF  71X  and  RDGF  7. IX  showed 
more  reactivity  and  metaplasia  of  the  RPE  and  more  fibrin 
deposition  by  day  one  than  those  treated  with  Hepes  buffer 
and  NGF .  By  days  4,  7  and  14,  no  appreciable  qualitative 
difference  could  be  observed  in  the  healing  of  the  wounds. 

Evaluation  of  the  healing  process  of  the  retinal 
wounds  was  possible.  The  retina  showed  gross  traumatic 
changes  due  to  the  lesions  in  the  posterior  pole.  Full 
thickness  wounds  disrupting  Bruch's  membrane  were  studied. 
Near  the  wound  margins,  disorganization  of  the  outer  and 
inner  segments  reflected  the  physical  intensity  of  the 
injury.  Edema  and  accumulation  of  red  cells,  white  cells 
and  RPE  proliferation  forced  inward  orientation  of  the 
wound  margins.  Degeneration  of  inner  and  outer  nuclear 
layers  occurred  and  this  was  more  marked  when  the  retina 
was  detached.  The  RPE  showed  migration  into  wound  cavity 
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by  day  one  and  proliferation,  metaplasia,  phagocytosis 
and  fibrin  deposition  as  early  as  day  4 .  The  wound  cavity 
was  filled  with  fibroblasts  by  day  4  and  most  of  the  blood 
cells  were  broken  down  and  resorbed.  Healing  at  the  wound 
margins  formed  smooth  and  round  edges.  This  process  con- 
tinued  through  day  14.  Photoreceptors  and  their  nuclei 
showed  a  marked  degree  of  degeneration  at  the  wound  margins 
and  were  more  prominent  in  areas  where  the  retina  was 
detached.  No  mitosis  were  observed.  Changes  in  the 
peripheral  retina  were  restricted  to  losses  in  the  ganglion 
cell  layer  and  in  areas  adjacent  to  wounds,  loss  of  the 
RPE ,  which  could  have  possibly  migrated  to  the  wound  cavity. 
No  vitreous  membranes  or  traction  retinal  detachment  were 
observed  as  late  as  14  days. 

Thus,  RDGF  seems  to  influence  the  formation  of  a  mem¬ 
brane-like  structure  on  a  lens  wound  but  we  were  unable 
to  determine  its  nature  from  histology.  The  effects  of 
RDGF  and  NGF  on  a  retinal  wound  were  inconclusive  although 
RDGF  appeared  to  stimulate  morphologic  changes  after  one 
day . 
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